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VIRTUAL SHADOW AWARENESS FOR
MULTI-USER EDITORS

BACKGROUND

As workplace tasks increase in complexity, teams of two or
more persons rather than individuals may be needed to
accomplish the tasks. Traditional single-user editors may be
of limited use for such collaborative tasks. In connection with
such collaborative tasks, multi-user editors may be used.
Multi-user editors may allow multiple users to work on dii-
ferent areas of a same document. One problem with such
multi-user editors relates to multiple users attempting to
modily a same portion of a document. As a solution, existing,
multi-user editors may lock a portion of a document when
accessed by one user. However, use of locking introduces
several difliculties including selecting a level of locking
granularity and deciding when to release locks. Use of lock-
ing can also incur additional runtime overhead adversely
impacting performance. As an alternative to locking, existing
systems may use a technique to process the multiple modifi-
cations which may not produce semantically meaningiul
results.

Some multi-user editors may provide a user accessing a
document with a mini-view of where other users are currently
in the document. The mini-view may be, for example, a
separate window containing a minimized view of the entire
document with a relative location of where each user 1s view-
ing 1n the document. However, the foregoing requires addi-
tional devoted screen space.

SUMMARY

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This summary 1s not mtended to
identify key features or essential features of the claimed sub-
ject matter, nor 1s 1t intended to be used as an aid 1n determin-
ing the scope of the claimed subject matter.

Techniques are provided for indicating workspace aware-
ness using one or more of a write shadow, a read shadow,
and/or a shadowbar providing an indication of operations
performed at associated locations by various users accessing,
a same document. A write shadow may be used to indicate a
position 1n a document being modified by a user. A read
shadow may be used to indicate a position being viewed by a
user. A shadowbar may be used to indicate areas of overlap of
the scrollbars of users, the shadowbar having a shading and
coloring 1indicative of a degree of overlap.

DESCRIPTION OF THE DRAWINGS

Features and advantages of the present mvention will
become more apparent from the following detailed descrip-
tion of exemplary embodiments thereof taken 1n conjunction
with the accompanying drawings 1n which:

FIG. 1 1s an example of an embodiment illustrating an
environment that may be utilized 1n connection with the tech-
niques described herein;

FIG. 2 1s an example of components that may be included
in an embodiment of a user computer for use 1n connection
with performing the techniques described herein;

FIG. 2A 1s a flowchart of processing steps that may be
performed 1n connection with the techniques described herein
for multi-user editing of a document;

FIG. 3 1s an example 1llustrating a representation of write
shadows:
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FIG. 4 1s an example illustrating a representation of read
shadows:

FIG. 5 1s an example illustrating a representation of a
shadowbar; and

FIG. 6 1s an example of a portion of a screenshot 1llustrating,
use of write shadows, read shadows and a shadowbar.

DETAILED DESCRIPTION

Referring now to FIG. 1, illustrated 1s an example of a
suitable computing environment 1n which embodiments uti-

lizing the techniques described herein may be implemented.
The computing environment illustrated in FIG. 1 1s only one
example of a suitable computing environment and 1s not
intended to suggest any limitation as to the scope of use or
functionality of the techmiques described herein. Those
skilled 1n the art will appreciate that the techniques described
herein may be suitable for use with other general purpose and
specialized purpose computing environments and configura-
tions. Examples of well known computing systems, environ-
ments, and/or configurations include, but are not limited to,
personal computers, server computers, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, programmable consumer electronics, network PCs,
minicomputers, mainirame computers, distributed comput-
ing environments that include any of the above systems or
devices, and the like.

The techniques set forth herein may be described 1n the
general context of computer-executable instructions, such as
program modules, executed by one or more computers or
other devices. Generally, program modules include routines,
programs, objects, components, data structures, and the like,
that perform particular tasks or implement particular abstract
data types. Typically the functionality of the program mod-
ules may be combined or distributed as desired in various
embodiments.

Included 1 FIG. 1 are user computers 12 and 16, and a
network 14. The user computers 12 and 16 may include a
standard, commercially-available computer or a special-pur-
pose computer that may be used to execute one or more
program modules. Described in more detail elsewhere herein
are program modules that may be executed by the user com-
puters 12 and 16 1n connection with the techniques described
herein. The user computer 12 may operate 1n a networked
environment and communicate with the user computer 16 and
other computers not shown in FIG. 1.

It will be appreciated by those skilled in the art that
although the user computers are shown in the example as
communicating in a networked environment, the user com-
puters 12 and 16 may communicate with other components
utilizing different communication mediums. For example,
the user computer 12 may communicate with one or more
components utilizing a network connection, and/or other type
of link known 1n the art including, but not limited to, the
Internet, an 1ntranet, or other wireless and/or hardwired con-
nection(s).

Referring now to FIG. 2, shown 1s an example of compo-
nents that may be included 1n a user computer 12 as may be
used 1n connection with performing the various embodiments
of the techniques described herein. It should be noted that
although FIG. 2 1llustrates additional detail with respect to
only the user computer 12, the components of FIG. 2 may be
included 1n user computer 16. The user computer 12 may
include one or more processing units 20, memory 22, a net-
work interface unit 26, storage 30, one or more other com-
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munication connections 24, and a system bus 32 used to
facilitate communications between the components of the
computer 12.

Depending on the configuration and type of user computer
12, memory 22 may be volatile (such as RAM), non-volatile
(such as ROM, flash memory, etc.) or some combination of
the two. Additionally, the user computer 12 may also have
additional features/Tunctionality. For example, the user com-
puter 12 may also include additional storage (removable and/
or non-removable) including, but not limited to, USB devices,
magnetic or optical disks, or tape. Such additional storage 1s
illustrated in FIG. 2 by storage 30. The storage 30 of FIG. 2
may include one or more removable and non-removable stor-
age devices having associated computer-readable media that
may be utilized by the user computer 12. The storage 30 in
one embodiment may be a mass-storage device with associ-
ated computer-readable media providing non-volatile storage
for the user computer 12. Although the description of com-
puter-readable media as illustrated 1n this example may refer
to a mass storage device, such as a hard disk or CD-ROM
drive, it will be appreciated by those skilled in the art that the
computer-readable media can be any available media that can
be accessed by the user computer 12.

By way of example, and not limitation, computer readable
media may comprise computer storage media and communi-
cation media. Memory 22 and storage 30 are examples of
computer storage media. Computer storage media includes
volatile and nonvolatile, removable and non-removable
media implemented 1n any method or technology for storage
of information such as computer readable 1nstructions, data
structures, program modules or other data. Computer storage
media includes, but 1s not limited to, RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM,
(DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired
information and which can accessed by user computer 12.
Communication media typically embodies computer read-
able structions, data structures, program modules or other
data in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of i1ts characteristics set or changed in such a
manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connec-
tion, and wireless media such as acoustic, RF, infrared and
other wireless media. Combinations of the any of the above
should also be 1included within the scope of computer read-
able media.

The user computer 12 may also contain communications
connections, 24 that allow the user computer to communicate
with other devices and components such as, by way of
example, input devices and output devices. Input devices may
include, for example, a keyboard, mouse, pen, voice input
device, touch input device, etc. Output devices, may include,
for example, a display, speakers, printer, and the like. These
and other devices are well known 1n the art and need not be
discussed at length here. The one or more communications
connections, 24 are an example of communication media.

In one embodiment, the user computer 12 may operate in a
networked environment as 1llustrated 1in FIG. 1 using logical
connections to remote computers through anetwork. The user
computer 12 may connect to the network 14 of FIG. 1 through
a network interface unmit 26 connected to bus 32. The network
interface unit 26 may also be utilized in connection with other
types of networks and/or remote systems and components.
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One or more program modules and/or data files may be
included 1n storage 30. During operation of the user computer
12, one or more of these elements included 1n the storage 30
may also reside 1n a portion of memory 22, such as, for
example, RAM for controlling the operation of the user com-
puter 12. The example of FIG. 2 illustrates various compo-
nents including an operating system 40, one or more docu-
ments 42, a multi-user editor 44, an application program 46,
and other components, iputs, and/or outputs 48. The oper-
ating system 40 may be any one of a variety of commercially
available or proprietary operating system. The operating sys-
tem 40, for example, may be loaded into memory 1n connec-
tion with controlling operation of the user computer. One or
more application programs 46 may execute in the user com-
puter 12 in connection with performing user tasks and opera-
tions.

In connection with editing a document 42, a multi-user
editor 44 may be used. In connection with the techniques
described herein, a multi-user editor may provide for syn-
chronous editing of the document 42 by multiple users. Mul-
tiple users, such as using user computers 12 and 16 and
possibly others not illustrated but having connectivity to 12
and 16, may edit a same document 42 as part of a collaborative
editing session. One embodiment of the multi-user editor 44
utilizing the techniques described herein may provide for
synchronous multi-user editing in which the editing being
performed on the document as viewed on each user computer
1s synchronized to reflect the collective editing of all co-
editors or users. Additionally, the multi-user editor may sup-
port view divergence in which each user can work on different
portions of the same document. Using the workspace tech-
niques described herein, a flexible and efficient approach may
be used to enable one user to determine the location 1n the
document and task being performed by other co-editors.
Workspace awareness may be characterized as current
knowledge about co-editor interaction with respect to the
shared workspace which, 1n this example, 1s the document. In
connection with workspace awareness, information may be,
provided that compensates for loss of co-editors awareness in
systems supporting view divergence.

The techmiques described herein have been designed to
facilitate and promote four awareness criteria—write aware-
ness, read awareness, navigation awareness, and in-place.
Each of the different techniques described herein may meet
one or more of these. Write awareness may be characterized
as awareness of the location of other co-editors making text
modifications or additions. Write awareness may be used in
coordinating text changes by co-editors to prevent conflicting
edits to a common portion of the document. Using the tech-
niques described herein for promoting write awareness, users
may be aware of write operations being performed by others
and may accordingly avoid simultaneously modifying a same
portion of a document. Read awareness may be characterized
as awareness ol a co-editors viewing text that 1s being modi-
fied locally by a user. Providing awareness of where co-
editors are looking 1n a document may provide an indication
to a user as to the focus of other co-editors. Navigation aware-
ness may be characterized as expediting view synchroniza-
tion with others providing an awareness of where others are
navigating or scrolling with respect to the entire document.
In-place criteria may be characterized as using techniques
which minimize or reduce the amount of dedicated screen
real-estate used.

The techniques described herein may also utilize the con-
cept ol a shadow to represent a user’s location 1n the docu-
ment 1n connection with performing various editing tasks. In
particular, the techniques described herein utilize a write
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shadow for promoting write awareness, a read shadow for
promoting read awareness, and a shadowbar for promoting
navigation awareness. The techniques described herein pro-
vide for awareness in-place by minimizing the amount of
dedicated screen real-estate or screen portions used in pro-
viding the awareness. As will be described 1n following para-
graphs, the read and write shadows and the shadowbar 1n one
embodiment utilize no additional screen portions beyond
what 1s needed to display a document’s content which may
include, for example, text, images and figures. The tools
described herein are superimposed on the text editing area
and rendered transparently to hide no content. The tools may
utilize different colors, shades of grey and the like, 1n distin-
guishing and representing the various users or co-editors. For
1llustration purposes, various shades of grey are used 1n rep-
resenting the different shadows. The different shadows (e.g.,
write shadow, read shadow, and shadowbar) have a level of
transparency or opaqueness so that any underlying content 1s
not obscured by the shadow. The content 1s overlayed by the
shadow with the underlying text showing through. In other
embodiments, read shadows, write shadows and the shadow-
bar may be transparent and of varying colors. The techniques
described herein may be characterized as “in-place” 1n that
the read and write shadows, and the shadowbar are transpar-
ently superimposed on text-editing areas already used 1n con-
nection with displaying text.

What will be described 1n following paragraphs are the
workspace awareness techniques. It should be noted that
although the techniques described herein are illustrated 1n
connection with multi-user editing, 1t will be appreciated by
those skilled 1n the art the techniques described herein have
much broader applicability and use than just editing. Some
other examples are also described 1n following paragraphs.

In connection with using the awareness techniques
described herein, each user computer may include the same
multi-user editor. A first user may open a document for edit-
ing with a multi-user editor application. The first user com-
puter may send a message to one or more other user comput-
ers mviting each of these users to participate 1n a multi-user
editing session as co-editors. Each of the user computers
receiving the invitation message may send a reply message to
the first user’s computer indicating whether the 1nvitation 1s
accepted (e.g. will participate 1n the multi-user editing ses-
sion), or not. If the reply message indicates acceptance, the
replying system receives update messages regarding actions
of other co-editors in the session. Additionally, 1n response to
a user action, a user computer sends a message to other
multi-user editor applications of the other co-editors 1ndica-
tive of the user action. Such messaging provides for synchro-
nization and updating of each user computer of a co-editor in
accordance with actions of all editing session participants.
Information commumnicated may include, for example, what
modifications are made to a document as well as the respec-
tive position of each co-editor within the document. In one
embodiment, a peer-to-peer technique as just described may
be utilized. One example embodiment of a multi-user editor 1s
OneNote™ 2003 by Microsoit Corporation. The techniques
described herein may be included 1n such an embodiment as
well as other editors and applications.

It will be appreciated by those skilled 1n the art that other
models, such as a client-server model, may also be used in
order to facilitate the editing of a document by multiple users
as a same time. Each user computer may include a local copy
of the document which 1s kept synchronized with other local
copies. Other embodiments may use other techniques. The
multi-user editor 44 may collectively represent one or more
components 1n accordance with a particular embodiment.
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Retferring now to FIG. 2A, shown 1s a tlowchart of process-
ing steps as may be performed 1n an embodiment 1n estab-
lishing a multi-user session using the multi-user editor. The
steps of tlowchart 80 summarize processing just described. At
step 82, a first user sends out an 1ivitation message to one or
more other users on one or more user computers. It should be
noted that the mvitations to the various users may be sent at
different times. At step 84, the other users each send a reply
message. Those users accepting the invitation are part of the
multi-user session initiated by the first user at step 82. Steps
86 and 88 may be continually performed during the editing
session. At step 86, each user’s editor sends update messages
to other multi-user editors in accordance with each user’s
actions. At step 88, each user’s editor, and possibly other
processes that may be used 1n connection with the operations
being performed, receives update messages from other multi-
user editors 1 accordance with the actions of each co-editor.

During a multi-user editing session, situations may arise in
which users may make conflicting text changes. For example,
multiple users may edit the same document area, and their
actions may contlict. If one user corrects a spelling mistake 1in
a word, while another deletes the word, the end result 1s either
a deleted word or a correctly spelled word leaving users
perplexed as to why a particular edit operation failed. Use of
the techniques described herein may be used to promote write
awareness and utilize an approach that relies on social proto-
col for contlict avoidance. For example, social protocol may
dictate that 1t 1s impolite to interfere with a co-editor’s work
and hence changes should be made away from a co-editor’s
workspace position. The techniques described herein using
write shadows may be used to promote write awareness by
showing the exact edit-positions of co-editors.

Referring now to FIG. 3, shown 1s an example illustrating
use of write shadows. The example 100 1llustrates one par-
ticular 1nstance of a write shadow which 1s a hand holding a
pencil although other shadows may be used. Other examples
of shadows may include a hand with a finger pointing to a text
location, a pointer pointing to a text location, and the like. The
example 100 may be displayed on a first user’s computer. A
“right-hand holding a pencil” shadow 104 follows the local
first user’s edit position in the document, while a “left-hand
holding a pencil” shadow 102 follows a co-editor’s edit posi-
tion. The t1ip of the pencil in each shadow 1s drawn exactly at
the edit position the shadow 1s denoting. In the example 100,
the medium gray shadow represents the position of a co-
editor using 102 editing the leit note. The dark gray shadow
represents the position of a local first user as 104 editing the
right note. The local first user can use the write shadows to
avold editing near or at the co-worker’s editing position as
indicated by 102. Note that, as described herein, the write
shadows o1 100 do not obscure the readability of underlying
text portions. This 1s 1llustrated by 110 where the letters of
“test” are readable and overlayed by the write shadow o1 102.
The foregoing use of overlaying of text 1s also illustrated 1n
connection with other figures herein.

It should be noted that although the example 100 1llustrates
a local user with the right hand and a single remote user with
a left hand, there may be more than one remote user repre-
sented using the write shadow. Fach additional remote user
may be represented 1n an embodiment using an additional left
hand.

In addition to write awareness, read awareness may be
obtained. As described herein, read awareness may be char-
acterized as a user performing a modification knowing what
other co-editors can view the user’s editing (e.g., read aware-
ness of the text being edited). Such read awareness may be
usetul 1n many collaborative editing scenarios. For example,
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during a collaborative editing session when a discussion of a
particular document area 1s taking place, the discussion leader
can determine when the discussion topic 1s stale by knowing
when other users stop viewing the particular area of the docu-
ment.

Read awareness can also reduce interruptions. Suppose a
user makes a change to the document that a co-editor needs to
know. Without use of read awareness the user may verbally
inform the co-editor about the change. It the user knows that
the co-editor has viewed the change, the verbal exchange may
be avoided. The user 1s able to tell using read awareness
techniques described herein which other co-editors are cur-
rently viewing the user’s own actions.

Read awareness may also be helpiul in the following situ-
ation. Suppose a user wants to edit a paragraph but knows that
a co-editor 1s editing the same paragraph at the moment. The
user may wait for the co-editor to finish in order to avoid
conflict and duplication of work. If the co-editor 1s aware that
the user 1s looking at the paragraph, the co-editor may make
the changes quicker, move to a different document area, or
some other action.

As another example, 1s a user 1s modilying a paragraph 1n
the document and has a question about the paragraph, then
knowing who else 1s looking at the paragraph may help target
the question at the right co-editor. Read awareness may be
characterized as a lead-1n for ad-hoc collaboration.

One techmque described herein using read shadows pro-
vide users with read awareness as will now be described.

Referring now to FIG. 4, shown 1s an example illustration
of a read shadow. The example 200 1s a representation of a
local user performing an edit with other co-editors viewing
the edit. The text portion 208 1s being editing by the local user
having an edit position represented by 206. In one embodi-
ment, 11 a co-editor can see the local user’s edit position, a
read shadow appears 1n the local user’s view immediately
above the local editing position represented by 206. In this
example, there are two read shadows 202aq and 2026 each
representing a co-editor who can view the current local user’s
editing action represented by 206. Element 206 in this
example 1s a write shadow as described 1n connection with
FIG. 3.

In this example, each of the read shadows 202a, 20205 1s 1n
the shape of an “over the shoulder” silhouette to portray the
fact that someone else 1s looking over the shoulder of the local
user’s workspace position as denoted by the local user’s write
shadow 206. The read shadows are displayed immediately
above the local user’s edit position 1n order to attract the local
user’s attention while typing. As illustrated in FI1G. 4, the read
shadows provide awareness that the co-editors represented by
the medium grey 20256 and darker grey 202a read shadows
can see the local user’s (e.g. 206) edit position. The co-editors
need not be writing or moditying near the local user. In other
words, there may be read shadows 202a and 2025 near the
location being edited as represented by write shadow 206
without having other write shadows within the document.

The foregoing techniques provide read and write aware-
ness. What will now be described are techniques for naviga-
tion awareness assisting users in synchronization of their
VIEWS.

The ability to quickly and easily synchronize a local view
of one user to the views of one or many other co-editors may
be applicable for use in co-editing scenarios. For example,
users participating as co-editors 1n a meeting viewing a docu-
ment may perform multiple tasks during the meeting. A user
may be focused on the meeting and viewing a portion of a
document along with other co-editors. Subsequently, the user
may perform another task and then attempt to later refocus
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attention on the meeting. The user may have to ask another
co-editors what portion of the document 1s being discussed. A
similar situation may arise when participants arrive to a meet-
ing late. In such a situation, asking a co-editor that may be
physically nearby what 1s being discussed at the moment may
be considered impolite, unprofessional, or embarrassing.
Using navigation awareness with the techniques described
herein, a user, such as the late meeting arrival, may be directed
to the document portions currently being discussed.

Navigation awareness may also be usetul for users polling
for changes. For example, 11 one user 1s editing figures while
another 1s changing the figure data, the user responsible for
the figures 1s able to quickly view what the other user 1s
changing.

Referring now to FIG. 5, shown 1s an example of an
embodiment of a shadowbar and how the shadowbar may be
produced from one or more remote co-editors. The shadow-
bar 1s represented in the example 300 as element 330qa. In this
example, the shadowbar 330q 1s included 1n the display next
to a local user’s scrollbar elevator 3305 representing a local
user’s current view position in the document. The remaiming,
portion of the figure 1s described 1n following paragraphs and
illustrates how the shadowbar 330a may be produced 1n
accordance with the current scrolling positions of remote
co-editors or users as represented by 302, 304 and 306.

The elements corresponding to 330aq and 3305 may be
displayed, for example, on a right hand portion of a display of
a text document being edited. The scrollbar elevator of the
local user 3306 may be included when editing a document 1n
existing systems. The techniques described herein provide for
the display of the shadowbar 330a.

The shadowbar may be characterized as a multiple user
scrollbar reflecting a collective view of the scrollbar elevators
of other co-editors. In the shadowbar, scrollbar elevators of
co-editors are overlayed on one another and rendered semi-
transparently. When multiple scrollbar elevators overlap, the
overlapped region 1s painted with a color or shading that 1s a
mix of all the overlapped scrollbar elevator colors or shad-
ings. The overlapped area may also appear darker in shading
or color and more opaque than any individual remote scroll-
bar elevator (e.g., 302, 304 and 306). This effect 1s similar to
what happens when shadows from multiple light sources
cross. The shadowbar elevators may be formed, for example,
by mapping the size and position of a co-editor’s scroll bar
onto that of the shadowbar. It should be noted that the exact
s1ze and position of a co-editor’s scrollbar elevator may vary
from those of the shadowbar. This may occur, for example,
due to variations 1n screen resolutions, window sizes, appli-
cation settings, and the like, of the various systems.

In one embodiment representing scrollbars and shadow-
bars with shades of grey, an region of scrollbars may have a
darker shading of grey than other nonoverlapping overlap-
ping areas. In an embodiment representing scrollbars and
shadowbars with color, the overlapping region may have a
coloring and associated shading level i accordance with the
degree of overlap. The resulting color may be, for example, a
mix of all colors associated with overlapping scrollbars.

Retferring to FIG. 5, what will now be described 1s an
example of how the shadowbar may be determined 1n accor-
dance with scrollbar elevators 302, 304 and 306. As described
above, the example 300 illustrates a scenario having one local
user with a scrollbar elevator 3305 participating 1n a collabo-
rative editing session with other co-editors having scrollbar
clevators 302, 304 and 306. Portion 312 represents the scroll-
bar positioning for coeditor 302. Portion 314 represents the
scrollbar positioning for co-editor 304. Portion 316 repre-
sents the scrollbar positioning for co-editor 306. The shad-
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owbar 330a represents a collective view of the co-editors’
302, 304 and 306 scrollbars. The shading and/or coloring of

the shadowbar 330aq may be determined 1n accordance with
the overlapping regions of the scrollbar elevators 302, 304
and 306. The overlapping regions may be determined by
imposing regions 312, 314 and 316 onto a same scrollbar
clevator. The level of shading may vary 1n accordance with the
degree of overlap of the various regions 312, 314, and 316.

The portion 320 bounded by lines 3105 and 310c¢ represents
the regionin which 312, 314 and 316 overlap. The portion 322
bounded by lines 310a and 31056 represents the region in
which 312 and 316 overlap, but not 314. The portion 324
bounded by lines 310¢ and 310d represents the region in

which a portion of 314 occurs. In the 324, there 1s no overlap
between 314, and 312 or 316.

Based on the degree of overlap, a visual indicator 1s pro-
vided to the local user regarding the view locations of the
other remote co-editors. The area having the greatest degree
of overlap 1n 300 1s 320 and may have a corresponding darkest
color denoted by area D 1in 330qa. The area having the next
greatest degree of overlap 1n 30015 322 denoted by area M and
may have a corresponding lighter coloring or shading than
area D. The area having the least degree of shading 1s 324 and
may have a corresponding lightest coloring denoted by area L
in 330a. The resulting shading 1n the areas L, M, and D may
be 1n accordance with the particular shading of the scrollbars
for each user or co-editor and the degree of overlap. Fach
individual scroll bar 302, 304 and 306 may be represented
using different colors or different levels of greyness as 1llus-
trated 1n differentiating the read shadows and/or write shad-
ows of co-editors. The overlapping effect represented 1n 330a
1s the result of painting 330a with the shadings and colors of
each individual scrollbars 302, 304 and 306. The final result-
ing display 1n 330q 1s atlected by the colorings and shadings
of each individual scrollbar and the way in which the scroll-

bars overlap one another when imposed as 1llustrated 1n FIG.
5.

Based on opaqueness and color darkness, the overlapping
regions pinpoint where most users are looking. Thus, the
foregoing use of the shadowbar can be used to navigate an
area being viewed and discussed by a group of users. An
embodiment of a screenshot may provide for comparison of
the user’s local position in the scrollbar 3306 with the co-
editors’ as represented 1n 330q using the shadowbar. The
shadowbar 330a provides for display of overlap when mul-
tiple co-editors are viewing a same document portion as well
as when viewing different document portions.

In the foregoing, write shadows may be used in connection
with write awareness to keep multiple users from writing to a
same portion of a document. Read shadows may be used 1n
making a particular writer aware of who else 1s viewing the
modification or writing. The shadowbar may be used in con-
nection with providing navigational awareness. The example
illustrated 1n FIG. 5 1s one embodiment 1n which a balance 1s
maintained between required screen space and providing
navigational awareness. A single additional scrollbar as a
shadowbar 1s used to represent a synchronized composite
view of all co-editors. The shadowbar illustrated herein 1s also
transparent, like the read and write shadows, and does not
require additional dedicated screen space. As will be further
illustrated 1n connection with other figures herein, the shad-
owbar may also be superimposed on the actual text or docu-
ment viewing area so that the underlying text 1s not obscured.
The read shadows, write shadows, and shadowbar described
herein do not use additional dedicated screen space beyond
that normally used for rendering the text or other portions of
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a document. The shadowbar utilizes a small amount of addi-
tional space 1n order to provide the synchronized navigational
awareness of other co-editors.

Referring now to FIG. 6, shown 1s an example 400 1llus-
trating a screenshot utilizing all three of the awareness tech-
niques described herein. The example 400 includes write
shadows 402, read shadows 404, and a shadowbar 410a. The
shadowbar 410a represents an example of different shades of
grey 1n accordance with a degree of overlap of various co-
editors editors. The display 1n 410a represents a synchronized
collective view that can be compared to a local user’s view as
represented 1 41056.

In connection with FIG. 6, note the in-place techniques 1n
that the read shadows, write shadows, and shadowbars are
superimposed 1n the text editing area and rendered transpar-
ently so that no text 1s obscured or hidden. As described
clsewhere herein, each of 402 and 404 may be a different
color indicating different users or co-editors. It should be
noted that in an embodiment, each user may be associated
with a unique shading or coloring with respect to other users.
For example, a color blue may be associated with one user and
a color red may be associated with a second user. Any read
shadow, write shadow, and/or shadowbar corresponding to
the first user may appear blue. Stmilarly, any read shadow,
write shadow and/or shadowbar corresponding to the second
user may appear as red.

The techniques described herein may be used 1n connec-
tion with a variety of different applications and scenarios.
Described above are 1llustrative examples 1n connection with
multi-user editing operations such as may occur, for example,
when multiple users are reviewing and/or revising a docu-
ment. As another example, the techniques described herein
may be used in connection with a collaborative debugging
environment. Two developers may be writing a portion of
code and may use the techmques described herein for debug-
ging the code as a collaborative effort. One developer may
want to use the awareness techniques described herein to
ensure that all developers are viewing a same code portion,
memory location, and the like. A first user moditying a
memory location may be denoted using a write shadow. Other
users viewing this modification may be represented using the
read shadows.

It should be noted that a study was performed by the inven-
tors using the techniques described herein. The results of the
study indicate, among other things, that write shadowing
worked well to promote write conflict avoidance, the gaze or
reader awareness provided by read shadows 1s useful for
reducing unnecessary verbal communications, and the shad-
owbar appears most eflective when coupled with read and
write awareness, as using the read and write shadows
described herein.

It should also be noted that an embodiment may utilize any
one or more of the awareness techniques described herein.
For example, an embodiment may utilize one or more of write
shadows, read shadows, or shadowbars as described herein.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, 1t 1s to be understood that the subject matter defined 1n
the appended claims 1s not necessarily limited to the specific
features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.

What 1s claimed 1s:

1. A method comprising;:

establishing a collaborative session for a document being,

displayed at a local computing device of a local user
editing the document with the local computing device,
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said collaborative session being between the local user
and a plurality of remote other users accessing said
document with remote computing devices, the session
including a moveable cursor displayed within the docu-
ment at the local computing device and indicating a
moveable location within the document where input
from the local user is inserted into the document, the
location and cursor moving 1n the document 1n accor-
dance with nteractive input of the local user that
changes the location within the document; and

representing each of said plurality of users modilying a

document using respective shadows, each shadow com-
prising anicon image representing a corresponding user,
wherein the shadows are automatically positioned and
displayed within the document at the local computing
device based on the current location of the cursor within
the document, wherein the shadows track the cursor
such that they stay near the cursor while the user moves
the cursor by inputting text to the document, and
wherein whether a shadow 1s displayed or not at the local
computing device 1s based on a determination of
whether a remote user represented by the shadow 1s able
to view the editing of the local user at the moveable
location, wherein when one of the remote users 1s read-
ing the document but not writing to the document the
remote user 1s represented using a shadow indicating
reading of the document.

2. The method of claim 1, wherein a first remote user has a
first shadow and a second remote user has a second shadow, a
proximity of said first shadow and said second shadow to the
cursor indicating to the local user that said first and second
users can see the location of said document that 1s being
edited by the local user.

3. The method of claim 1, wherein the document comprises
a text document and the editing comprises text editing.

4. The method of claim 3, wherein a shadow 1s rendered
semi-transparently so that text underlying the shadow 1n a
text-editing area 1s displayed by blending the shadow with
such text.

5. The method of claim 1, wherein a local shadow repre-
sents the local user and moveably tracks the cursor.

6. The method of claim 1, wherein a shadowbar comprising
a scrollbar at the local computing device 1s used to display
scrollbar indicators for the plurality of remote users, respec-
tively, each scrollbar indicator being displayed semi-trans-
parently 1n the shadowbar with a changeable size and location
in accordance with what portion of the document 1s navigated
to at the corresponding remote computing device, wherein
any given scrollbar indicator i1s able to overlap any other
scrollbar indicator, and wherein the scrollbar indicators are
displayed in the shadowbar by mutually blending any overlap
of the semi-transparent scrollbar indicators such that a por-
tion of the shadowbar increases 1n opacity and/or darkness as
the number of scrollbar indicators overlapping the portion
1ncreases.

7. The method of claim 6, wherein a scrollbar correspond-
ing to said local user 1s displayed at the local computing
device next to said shadowbar, the scrollbar interactively
manipulable to navigate the document.

8. A method comprising:

establishing a collaborative session for a document being

displayed at a local computing device of a local user
editing the document with the local computing device,
said collaborative session being between the local user
and a plurality of remote other users accessing said
document with remote computing devices, wherein a
moveable edit target moves within the document at the
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local computing device, wherein edits inputted by the
local user are applied to the document at the edit target,
and wherein the edit target moves within the document
at the local computing device according to the edits
inputted by the local user; and

representing each remote user viewing said document with

a respective read shadow, each read shadow comprising
an 1mage representing a corresponding remote user, an
image having a shape that 1s independent what part of the
document the corresponding remote user 1s viewing or
editing, where the shadows are automatically positioned
and displayed within the document at the local comput-
ing device based on the current position of the edit target
within the document at the local computing device,
wherein the shadows are automatically positioned to
stay 1n proximity to the edit target as it 1s iteractively
moved by the user, wherein when the user 1s mputting
text at the edit target the edit target and shadows move
together, and where a determination 1s made whether to
display a read shadow at the local computing device
based on a determination of whether the editing of the
local user 1s displayed at a remote computing device
corresponding to the read shadow, wherein shadows rep-
resenting remote users not editing the document are
displayed with a different appearance than shadows rep-
resenting remote users that are editing the document.

9. The method of claim 8, wherein said collaborative ses-
sion includes the users writing to the document without
obtaining a lock of the document.

10. The method of claim 8, wherein a read shadow 1is
rendered semi-transparently so that text underlying the read
shadow 1n the 1s displayed as a blend of the text and the read
shadow.

11. The method of claim 8, wherein a shadowbar 1s used to
display scrollbar elevators of the remote computing devices
in a single column, an area of of said shadowbar being ren-
dered based on a degree of overlap of the scrollbars elevators.

12. Computer-readable storage medium storing informa-
tion to enable a computer to perform a process, the process
comprising:

establishing a collaborative session for a document being,

displayed at a local computing device of a local user
editing the document with the local computing device,
said collaborative session being between the local user
and a plurality of remote other users accessing said
document with remote computing devices, wherein a
moveable cursor moves within the document at the local
computing device, wherein edits inputted by the local
user are applied to the document at the cursor, and
wherein the cursor moves within the document at the
local computing device according to the edits inputted
by the local user; and

representing each remote user viewing said document with

a respective shadow, each shadow comprising an 1mage
representing a corresponding to a remote user, an 1mage
having a shape that 1s independent what part of the
document the corresponding remote user 1s viewing or
editing, where the shadows are automatically positioned
and displayed within the document at the local comput-
ing device based on the current position of the cursor
within the document at the local computing device,
wherein whether to display a shadow at the local com-
puting device 1s based on a determination of whether the
editing of the local user 1s displayed at a remote com-
puting device corresponding to the shadow, wherein the
document 1s locally displayed 1n a local window of the
local computing device and concurrently displayed 1n a
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remote window of one the remote computing devices,

the remote and local windows both partly displaying a

same common portion of the document such that each

also has a respective portion of the document not dis-

played by the other, and displaying a shadow for the user

ol the remote window when the cursor 1s 1n the common

portion and not displaying a shadow for the user of the

remote window when the cursor 1s 1n the portion of the

document displayed at the local window but not at the
remote window.

13. A computer-readable storage medium according to

claim 12, wherein the shadows comprise image icons and the

image icons are displayed and kept 1in proximity to the cursor
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as the cursor moves in the local window such that the image
icons track the cursor.

14. A computer-readable storage medium according to
claim 12, wherein the appearance of a shadow displayed 1n
the local window changes based on whether the user repre-
sented by the shadow 1s editing the document.

15. A computer-readable storage medium according to
claim 12, wherein whether the shadow for the user of the
remote window 1s displayed on the local computing device
depends on whether the cursor 1s 1n a portion of the document
that 1s visible at the remote window.
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